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Description
FIELD OF THE DISCLOSURE

[0001] The present disclosure relates generally to gas
turbine engines, and more specifically to cleaning sys-
tems for gas turbine engines.

BACKGROUND

[0002] Turbofan gas turbine engines are usedto power
aircraft. Turbofan gas turbine engines typically include a
fan that accelerates air to provide thrust and an engine
core that drives the fan. The engine core typically in-
cludes a compressor, a combustor, and a turbine. The
compressor compresses air drawn into the engine and
delivers high pressure air to the combustor. In the com-
bustor, fuel is mixed with the high pressure air and is
ignited. Products of the combustion reaction in the com-
bustor are directed into the turbine where energy is ex-
tracted to drive the compressor and the fan. Leftover
products of the combustion are exhausted out of the en-
gine core to provide additional thrust.

[0003] Dirt and grime is accumulated in turbofan gas
turbine engines from atmospheric air ingested and fuel
burned during operation. As dirt and grime build up in
turbofan engines, the performance of those engines may
be reduced due to aerodynamic and frictional losses. To
reduce the dirtand grime in a turbofan gas turbine engine,
a cleaning agent (usually water) may be sprayed at the
fan of the engine while the fan is rotating, which, in turn,
moves the water through the rest of the engine including
the engine core. However, on account of the shape of
the fan, much of the water may move through a bypass
duct around the engine core rather than through the en-
gine core. This bypassed cleaning agent does not aid in
cleaning the engine core components. Use of this ap-
proach for cleaning a turbofan gas turbine engine may
result in wasted cleaning agent and longer required
cleaning times.

SUMMARY

[0004] The present disclosure may comprise one or
more of the following features and combinations thereof.
[0005] According to an aspect of the present disclo-
sure, a turbofan gas turbine engine may include a fan,
an engine core, and an annular frame. The fan may be
adapted to be rotated about an axis to accelerate air. The
engine core may be coupled to the fan to drive rotation
of the fan and may include a compressor, a combustor,
and a turbine. The annular frame may include an inner
wall that extends around the engine core and an outer
wall that extends around the inner wall, the inner wall and
the outer wall cooperating to define a bypass duct radially
there between in fluid communication with the fan to re-
ceive bypass air accelerated by the fan.

[0006] Insome embodiments, the turbofan gas turbine

10

15

20

25

30

35

40

45

50

55

engine may also include a cleaning system configured
to conduct a cleaning agent from a supply radially through
the bypass duct to the engine core. The cleaning system
may include a supply connector adapted to be fluidly cou-
pled to the supply and receive the cleaning agent, an
injector formed to include an aperture arranged to con-
duct the cleaning agentinto the compressor of the engine
core, and a conduit that extends from the supply connec-
tor through the bypass duct formed by the annular frame.
In some embodiments, the cleaning system may also
include a valve configured to block or allow the flow of a
cleaning agent from the supply connector to the injector.
[0007] Insome embodiments, the conduit may extend
perpendicular to the axis between the outer wall of the
annular frame and the inner wall of the annular frame.
The cleaning system includes a transfer tube that ex-
tends along the axis from the conduit to the injector. The
annular frame may include a strut that extends from the
outer wall through the bypass duct to the inner wall of
the frame and the conduit is arranged in the strut so that
the conduit is shielded from air accelerated from the fan
passing through the bypass duct.

[0008] In some embodiments, the cleaning system
may include a conduit that extends radially from the outer
wall of the frame through the bypass duct to the inner
wall of the frame. The annular frame may include a strut
that extends from the outer wall of the frame through the
bypass duct to the inner wall of the frame and the conduit
may be arranged in the strutso that the conduitis shielded
from air accelerated from the fan passing through the
bypass duct. The conduit may extend generally perpen-
dicular to the axis between the outer wall of the annular
frame and the inner wall of the annular frame.

[0009] In some embodiments, the cleaning system
may be configured to inject the cleaning agent from the
supply into the compressor of the engine core. The tur-
bofan engine may also include an inlet guide vane as-
sembly. The inlet guide vane assembly may include a
bypass inlet vane ring arranged between the fan and the
bypass duct of the annular frame to redirect air moving
from the fan to the bypass duct, a core inlet vane ring
arranged between the fan and the compressor of the en-
gine core to redirect air moving from the fan to the com-
pressor, and a splitter coupled radially between the by-
pass inlet vane ring and the core inlet vane ring.

[0010] In some embodiments, the cleaning system
may include at least one injector mounted in the core
inlet vane ring and formed to include an aperture config-
ured to conduct the cleaning agent from the supply into
the compressor. The aperture may be sized to conduct
the cleaning agent when the cleaning agent is foamed.
Then at least one injector may have an airfoil shape to
redirect air moving from the fan to the compressor. The
cleaning system may include a conduit that extends ra-
dially from the outer wall of the frame through the bypass
duct to the inner wall of the frame and a transfer tube that
extends axially within the splitter to one of the injectors.
[0011] According to another aspect of the present dis-
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closure, a turbofan gas turbine engine may include a fan,
an engine core couple to the fan to drive rotation of the
fan, and an annular frame including an inner wall that
extends around the engine core and an outer wall that
extends around the inner wall to form a bypass duct. The
engine core may also include a compressor, a combus-
tor, and a turbine.

[0012] Insome embodiments, the turbofan gas turbine
engine may also include a cleaning system including a
supply connector adapted to be fluidly coupled to a supply
to receive a cleaning agent, an injector formed to include
an aperture arranged to conduct the cleaning agent into
the engine core, and a conduit that extends from the sup-
ply connector through the bypass duct. The injector may
be arranged to conduct the cleaning agent into the com-
pressor of the engine core.

[0013] In some embodiments, the cleaning system
may include a valve configured to block or allow the flow
of cleaning agent from the supply connector to the injec-
tor. The conduit may extend perpendicular to the axis
between the outer wall of the annular frame and the inner
wall of the annular frame. The cleaning system may also
include a transfer tube that extends along the axis from
the conduit to the injector.

[0014] In some embodiments, the annular frame may
include a strut that extends from the outer wall of the
frame through the bypass duct to the inner wall of the
frame. The conduit may be arranged in the strut so that
the conduit is shielded from air accelerated from the fan
passing through the bypass duct.

[0015] These and other features of the present disclo-
sure will become more apparent from the following de-
scription of the illustrative embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

Fig. 1 is a perspective view of an aircraft including
turbofan gas turbine engines and a cleaning agent
supply vehicle showing the cleaning agent supply
vehicle coupled to one of the turbofan gas turbine
by a hose so that a cleaning agent can be conducted
to the turbofan gas turbine engine;

Fig. 2 is a perspective view of one of the turbofan
gas turbine engines from Fig. 1 removed from the
aircraft and cut away to show a cleaning system in-
cluded in the engine configured to conduct the clean-
ing agent from the cleaning agent supply into the
engine;

Fig. 3 is a detail view of a portion of the turbofan gas
turbine engine shown in Fig. 2 showing that the
cleaning system includes a supply connector, an in-
jector arranged to conduct the cleaning agent into
an engine core, a conduit that extends from the sup-
ply connector through the bypass duct, and a valve
configured to block or allow the flow of cleaning agent
from the supply connector to the injector; and
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Fig. 4 is a cross-sectional view of a portion of the
turbofan gas turbine engine shown in Figs. 2 and 3
showing that the conduitincluded in the cleaning sys-
tem extends from the supply connector through a
bypass duct and is shielded by a strut.

DETAILED DESCRIPTION OF THE DRAWINGS

[0017] For the purposes of promoting an understand-
ing of the principles of the disclosure, reference will now
be made to a number of illustrative embodiments illus-
trated in the drawings and specific language will be used
to describe the same.

[0018] An illustrative aircraft 10 and cleaning agent
supply 12 are shown in Fig. 1. A hose 14 extends from
the cleaning agent supply 12 to the aircraft 10 and is
connected to one of two turbofan gas turbine engines
110 included in the aircraft 10 to provide a cleaning agent
to the engine 110. The rotating components of the engine
110 are rotated under external power (dry motored) to
cause the cleaning agent to move through the engine
110 and clean the engine 110 as suggested in Fig. 1.
[0019] Each engine 110 is coupled to an airframe 16
included in the aircraft 10 and generates thrust to drive
the aircraft 10. In the illustrative embodiment, each en-
gine 110 includes a fan 112, an engine core 114, and a
cleaning system 116 as shown in Fig. 2. The fan 112 is
arranged at the front 111 of the engine and rotates about
an axis 115. The engine core 114 is coupled to the fan
112 and provides powertodrive thefan 112. The cleaning
system 116 conducts cleaning agent from the cleaning
agent supply 12 to the engine core 114 without passing
through the fan 112 at the front 111 of the engine 110 so
that cleaning agent intended to clean the engine core
114 does not move through the engine 110 in a bypass
duct 120 without entering the engine core 114.

[0020] The fan 112 illustratively includes a fan rotor
117 and a fan case 118 as shown in Figs. 2-4. The fan
rotor 117 has a plurality of blades 119 that rotates about
the axis 115 to accelerate air generating thrust for the
aircraft 10. The fan case 118 extends around the fan
blades 119 to direct air from the fan rotor 117 through
the engine core and the bypass duct 120.

[0021] The engine core 114 illustratively includes a
compressor 134, a combustor 136, and a turbine 138 as
shown in Fig. 2. The compressor 134 compresses and
delivers air to the combustor 136. The combustor 136
mixes fuel with the compressed air received from the
compressor 134 and ignites the fuel. The high pressure
hot products of the combustion reaction in the combustor
136 are directed into the turbine 138 to cause the turbine
138 to drive the compressor 134 and the fan 112.
[0022] The illustrative cleaning system 116 is config-
ured to provide cleaning solution to the compressor 134
of the engine core 114 as suggested in Fig. 2. By deliv-
ering the cleaning solution to the compressor 134, clean-
ing solution is passed through the combustor 136 and
the turbine 138 of the engine core 114 so that internal
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components of the engine core 114 are cleaned.
[0023] In addition to the fan 112, engine core 114, and
the cleaning system 116, each engine 110 also includes
aninletguide vane assembly 122 and a bypass assembly
124 as shown in Fig. 2. The inlet guide vane assembly
122 redirects accelerated air leaving the fan 112 and en-
tering the engine core 114 or the bypass duct 120. The
bypass assembly 124 defines the bypass duct 120 that
conveys accelerated air from the fan 112 through the
engine 110 without entering the engine core 114.
[0024] The inlet guide vane assembly 122 is annular
and illustratively includes a bypass inlet vane ring 142,
a core inlet vane ring 144, and a splitter 146 as shown
in Fig. 4. The bypass inlet vane ring 142 is arranged be-
tween the fan 112 and the bypass duct 120 to redirect
air moving from the fan 112 to the bypass duct 120. The
core inlet vane ring 144 is arranged between the fan 112
and the compressor 134 of the engine core 114 to redirect
air moving from the fan 112 to the compressor 134. The
splitter 146 illustratively has a V-shaped cross section
that forms an annular cavity 147 and is coupled radially
between the bypass inlet vane ring 142 and the core inlet
vane ring 144.

[0025] The bypass assembly 124 defines the bypass
duct 120 and illustratively includes an annular frame 148,
a core shield 150, and a nacelle shield 152 as shown in
Figs. 2 and 4. The frame 148 (sometimes called the front
frame) is illustratively a structural component that is cou-
pled to the airframe 16 included in the aircraft 10 of Fig.
1 and supports the fan 112, the engine core 114, the
cleaning system 116, and the inlet guide vane assembly
122. The core shield 150 extends axially from the frame
148 away from the fan 112 and radially around a portion
of the engine core 114 to block air moving through the
bypass duct 120 from interacting with external surfaces
of the engine core 114. The nacelle shield 152 also ex-
tends axially from the frame 148 away from the fan 112
and radially around the core shield 150 to block air mov-
ing through the bypass duct 120 from interacting with
internal surfaces of a nacelle 18 included in the airframe
16 of the aircraft 10. The core shield 150 and the nacelle
shield 152 cooperate to define a portion of the bypass
duct 120 radially there between as shown in Figs. 2-4.
[0026] The annular frame 148 is illustratively a cast
component and includes an inner wall 154, an outer wall
156, and a plurality of struts 158 as shown in Figs. 3 and
4. The inner wall 154 extends around a portion of the
engine core 114. The outer wall 156 is spaced radially
from the inner wall 154 and extends around the inner wall
154. The inner wall 154 and the outer wall 156 cooperate
to define a portion of the bypass duct 120 radially there
between as shown in Figs. 2-4. The struts 158 extend
radially from the outer wall 156 through the bypass duct
120 at various circumferential locations around the en-
gine 110 to the inner wall 154 and are hollow to allow for
the passage of various lines and tubes into and out of
the engine core 114.

[0027] Intheillustrative embodiment, the cleaning sys-
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tem 116 is integrated with the bypass assembly 124 and
the inlet guide vane assembly 122 as shown in Fig. 3.
The cleaning system 116 illustratively includes a supply
connector 160, a conduit 162, a transfer tube 164, an
injector 166, and a valve 168 as shown in Figs. 3 and 4.
The supply connector 160 is illustratively a threaded con-
nector adapted to be fluidly coupled to the cleaning agent
supply 12 to receive cleaning agent. The conduit 162
extends radially from the supply connector 160 through
the bypass duct 120 and is formed to include a passage-
way 165 sized to conduct a predetermined flow of clean-
ing agent. The transfer tube 164 extends axially from the
conduit 162 to the injector 166. The injector 166 is formed
to include an aperture 167 arranged to conduct cleaning
agent into the compressor 134 included in the engine
core 114. The valve 168 is configured to block or allow
the flow of cleaning agent from the supply connector 160
to the injector 166.

[0028] The conduit 162 illustratively extends perpen-
dicular to the axis 115 in the radial direction from the
outer wall 156 of the frame 148 through the bypass duct
120 to the inner wall 154 of the frame 148 as shown in
Fig. 4. The conduit 162 is arranged in a strut 158 so that
the conduit 162 is shielded from air accelerated from the
fan 112 passing through the bypass duct 120. In the il-
lustrative embodiment, the passageway 165 formed in
the conduit 162 is sized to conduct a foamed cleaning
agent.

[0029] The transfer tube 164 illustratively extends
along the axis 115 from the conduit 162 to the injector
166 as shown in Fig. 4. In the illustrative embodiment,
the transfer tube 164 extend axially within the splitter 146
of the inlet guide vane assembly 122 to an injector 166
mounted in the core inlet vane ring 144. In some embod-
iments, the conduit 162 feeds into a circumferentially ex-
tending plenum 175 and a plurality of transfer tubes 164
are plumbed to the plenum 175 at various locations
around the circumference of the engine 110. In embod-
iments with a plurality of transfer tubes 164, each transfer
tube 164 may extend to a corresponding injector 166
mounted in the core inlet vane ring 144.

[0030] The injector 166 is illustratively mounted in the
core inlet vane ring 144 and is formed to include the ap-
erture 167 sized to conduct foamed cleaning agent into
the compressor 134 as shown in Figs. 3 and 4. In the
illustrative embodiment, the injector 166 has an airfoil
shape substantially similar to that of other vanes 145 in-
cludedinthe coreinletvanering 144 toredirectair moving
from the fan 112 to the compressor 134 but may have
other shapes. In other embodiments, the injector may be
mounted at any location aft of the fan 112 and arranged
to conduct cleaning agent into the compressor 134.
[0031] The valve 168 is illustratively a ball valve con-
trolled by a knob (not shown) that closes and opens to
block or allow the flow of cleaning agent from the supply
connector 160 to the injector 166 as suggested in Fig. 4.
In other embodiments, the valve 168 may be another
type of manually or automatically actuated valve, may be
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a one-way check valve that only allows flow agent from
the supply connector 160 toward the injector 166, or may
be any other suitable type of valve.

[0032] The illustrative supply connector 160, conduit
162, transfer tube 164, injector 166, and valve 168 are
sized and configured for use with a foamed cleaning
agent. Particularly, the illustrative components 160, 162,
164, 166, 168 are adapted for use with the foamed clean-
ing agents available from Matrix Scientific and Aerocore
Technologies, both of Columbia, South Carolina, U.S.A.
In other embodiments, the supply connector 160, conduit
162, transfer tube 164, injector 166, and valve 168 may
be sized and configured for use with other cleaning
agents including deionized water or other suitable
agents.

[0033] The cleaning system 116 in the illustrative em-
bodiment further includes an optional fan cleaning as-
sembly 170 integrated into the engine 110 as shown in
Fig. 4. The fan cleaning assembly 170 includes a sec-
ondary connector 172 mounted to the fan case 118 and
a secondary injector 174. The secondary connector 172
is illustratively a threaded connector adapted to be cou-
pled to the cleaning agent supply 12. The secondary in-
jector 174 is in fluid communication with the secondary
connector 172 and is formed to include an aperture 175
arranged to dispense cleaning agent onto the blades 19
of the fan rotor 17. In the illustrative embodiment, the
secondary connector 172 and the secondary injector 174
are sized to conduct foamed cleaning agent but may be
adapted for use with water or other cleaning agents.
[0034] Inother embodiments, the cleaning system 116
may be integrated into other types of gas turbine engines.
For example, the cleaning system 116 may be integrated
into land based energy turbines, aerospace engines, ma-
rine turbines, and the like.

[0035] While the disclosure has been illustrated and
described in detail in the foregoing drawings and descrip-
tion, the same is to be considered as exemplary and not
restrictive in character, it being understood that only il-
lustrative embodiments thereof have been shown and
described and that all changes and modifications that
come within the spirit of the disclosure are desired to be
protected.

Claims

1. A turbofan gas turbine engine comprising a fan
adapted to be rotated about an axis to accelerate air,
an engine core coupled to the fan to drive rotation
of the fan, the engine core including a compressor,
a combustor, and a turbine,
an annular frame including an innerwall that extends
around the engine core and an outer wall that ex-
tends around the inner wall, the inner wall and the
outer wall cooperating to define a bypass duct radi-
ally there between in fluid communication with the
fan to receive bypass air accelerated by the fan, and
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a cleaning system configured to conduct a cleaning
agent from a supply radially through the bypass duct
to the engine core.

The turbofan gas turbine engine of claim 1, wherein
the cleaning system includes a supply connector
adapted to be fluidly coupled to the supply and re-
ceive the cleaning agent, an injector formed to in-
clude an aperture arranged to conduct the cleaning
agent into the compressor of the engine core, and a
conduit that extends from the supply connector
through the bypass duct formed by the annular
frame.

The turbofan gas turbine engine of claim 2, wherein
the cleaning system includes a valve configured to
block or allow the flow of cleaning agent from the
supply connector to the injector.

The turbofan gas turbine engine of claim 2, wherein
the conduit extends perpendicular to the axis be-
tween the outer wall of the annular frame and the
inner wall of the annular frame and the cleaning sys-
tem includes a transfer tube that extends along the
axis from the conduit to the injector.

The turbofan gas turbine engine of claim 4, wherein
the annular frame includes a strut that extends from
the outer wall through the bypass duct to the inner
wall of the frame and the conduit is arranged in the
strut so that the conduit is shielded from air acceler-
ated from the fan passing through the bypass duct.

The turbofan gas turbine engine of claim 1, wherein
the cleaning system including a conduit that extends
radially from the outer wall of the frame through the
bypass duct to the inner wall of the frame; optionally
wherein:

(i) the annularframeincludes a strut that extends
from the outer wall of the frame through the by-
pass duct to the inner wall of the frame and the
conduitis arranged in the strutso that the conduit
is shielded from air accelerated from the fan
passing through the bypass duct; or

(i) the conduit extends generally perpendicular
to the axis between the outer wall of the annular
frame and the inner wall of the annular frame.

The turbofan gas turbine engine of claim 1, wherein
the cleaning system is configured to inject the clean-
ing agent from the supply into the compressor of the
engine core.

The turbofan gas turbine engine of claim 7, further
comprising an inlet guide vane assembly including
a bypass inlet vane ring arranged between the fan
and the bypass duct of the annular frame to redirect
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air moving from the fan to the bypass duct, a core
inlet vane ring arranged between the fan and the
compressor of the engine core to redirect air moving
from the fan to the compressor, and a splitter coupled
radially between the bypass inlet vane ring and the
core inlet vane ring.

The turbofan gas turbine engine of claim 8, wherein
the cleaning system includes at least one injector
mounted in the core inlet vane ring and formed to
include an aperture configured to conduct the clean-
ing agent from the supply into the compressor.

The turbofan gas turbine engine of claim 9, wherein:

(i) the aperture is sized to conduct the cleaning
agent when the cleaning agent is foamed; or
(i) the at least one injector has an airfoil shape
to redirect air moving from the fan to the com-
pressor; or

(iii) the cleaning system includes a conduit that
extends radially from the outer wall of the frame
through the bypass duct to the inner wall of the
frame and a transfer tube that extends axially
within the splitter to one of the injectors.

A turbofan gas turbine engine comprising a fan,

an engine core couple to the fan to drive rotation of
the fan, the engine core including a compressor, a
combustor, and a turbine,

an annular frame including an innerwall that extends
around the engine core and an outer wall that ex-
tends around the inner wall to form a bypass duct,
and

a cleaning system including a supply connector
adapted to be fluidly coupled to a supply to receive
a cleaning agent, an injector formed to include an
aperture arranged to conduct the cleaning agent into
the engine core, and a conduit that extends from the
supply connector through the bypass duct.

The turbofan gas turbine engine of claim 11, wherein
the injectoris arranged to conduct the cleaning agent
into the compressor of the engine core.

The turbofan gas turbine engine of claim 11, wherein
the cleaning system includes a valve configured to
block or allow the flow of cleaning agent from the
supply connector to the injector.

The turbofan gas turbine engine of claim 13, wherein
the conduit extends perpendicular to the axis be-
tween the outer wall of the annular frame and the
inner wall of the annular frame and the cleaning sys-
tem includes a transfer tube that extends along the
axis from the conduit to the injector.

The turbofan gas turbine engine of claim 11, wherein
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the annular frame includes a strut that extends from
the outer wall of the frame through the bypass duct
to the inner wall of the frame and the conduit is ar-
ranged in the strut so that the conduit is shielded
from air accelerated from the fan passing through
the bypass duct.
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